Activating protein-1 cooperates with steroidogenic factor-1 to regulate 3',5'-cyclic adenosine 5'-monophosphate-dependent human CYP11A1 transcription in vitro and in vivo.
The CYP11A1 encodes cytochrome P450scc, catalyzing the first step of steroidogenesis in adrenals and gonads under the control of cAMP-mediated hormonal signals. The cAMP-induced activation of human CYP11A1 has been suggested to depend on the transcription factor cAMP-responsive element-binding protein (CREB), but the CREB action cannot explain the chronic cAMP effect on CYP11A1 activation. To further understand the mechanism of human CYP11A1 activation, we dissected the functions of the upstream cAMP responsive sequences (U-CRS) containing a core sequence, U identical to the steroidogenic factor-1 (SF-1)-binding site, and two flanking TPA-responsive element/cAMP-responsive element-like elements, C1 and C2. The EMSA assays showed that the binding activities of U with SF-1 as well as C1 or C2 with activating protein-1 (AP-1)/CREB-like proteins are induced by cAMP. The results from the site-directed mutagenesis analyses revealed that all three elements are required for the U-CRS function and any mutation of C1, C2, or U impairs the response to cAMP stimulation. In transgenic mice, the single or double mutations of C1 and C2 resulted in the reduction of reporter gene expression accompanied with poor hormonal response. The cAMP induction on the U-CRS activity was mimicked and enhanced by the overexpressed c-Jun in the presence of SF-1, but was abolished by the overexpression of an AP-1 dominant-negative mutant, FosB2. Furthermore, we have observed the interdependent transactivation between SF-1 and c-Jun on the U-CRS function. These results collectively demonstrate that SF-1 and AP-1 cooperate to activate CYP11A1 transcription in vitro and in vivo.